Serum and mononuclear blood cell (MBC) magnesium were measured in 24 healthy community subjects, average age 76 years (67-93), and in 21 ill hospitalized subjects, average age 79 years (65-90). MBC magnesium, expressed as /illloVrng protein, was significantly lower in the in-patient group (P<O'OOI), but tended to be higher in the same group when expressed as fmol/cell (not significant). Further samples from community subjects on the same day, and again at 7 days, revealed coefficients of variation for intrasubject analysis of 12% and 22%, respectively (fmol/cell). The equivalent intrasubject values for serum were 2' 8% on the same day and 4% at 1 week. MBC magnesium values for inpatients were probably distorted by changes in cell size and cell protein content caused by illness. Biological variability and the effects of illness on the composition and size of cells seem to limit the usefulness of MBC magnesium measurement as a clinical tool for assessment of body magnesium status.
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Studies of the magnesium status of elderly hospitalized patients using serum and red cell measurements have revealed conflicting results but, in general, mild hypomagnesaemia is not an uncommon finding.lr! However, assessment of body status using these parameters can be misleading and the true clinical significance of marginally low values remains uncertain.v" Serum magnesium represents less than 1% of the total body magnesium pool and levels vary with factors such as pH, adrenergic tone and free fatty acid concentration. Low serum magnesium concentrations may not indicate cellular magnesium deficiency and tissue magnesium deficiency may exist with normal serum values.' The magnesium load test can be used as a practical clinical method to assess magnesium status but it is a cumbersome technique in all age groups especially the elderly and requires a minimal 24 h time frame in an inpatient setting. S,9 Determination of magnesium in mononuclear blood cells (MBC) has been used as an indicator of magnesium status. There is some evidence of correlation between magnesium in MBC and muscle in human subjects and agreement is Correspondence: Dr B J Martin. evolving for reference intervals using several units of measurement.P'!" Some workers have begun using MBC magnesium to evaluate magnesium status in specific clinical conditions.P'!"
MBC magnesium has been suggested as a possible candidate to fulfil the requirement of a simple reproducible test which could be widely used to give meaningful information on overall intracellular magnesium status. IS We have measured MBC magnesium in a group of elderly subjects living at home in the community and in a group of recently hospitalized patients with a view to developing the procedure for use as an index of tissue magnesium status during illness. We have recently found evidence of tissue magnesium depletion in autopsy tissue from older subjects who lived in our local community.'? Older subjects are already prescribed a disproportionately high number of medications and as many as three-quarters have problems with medication compliance." We hoped to use this index of tissue magnesium status to accurately identify those with deficiency rather than add magnesium to a growing number of medications already prescribed empirically for older subjects. We have evaluated two frames of reference and have assessed the effects of illness on MBC magnesium values. Carcinoma of vagina, CRF Key to abbreviations: MBC = mononuclear blood cell; Mg = magnesium; CRF = chronic renal failure; CVI cerebrovascular incident; IHD = ischaemic heart disease; PVD = peripheral vascular disease; MI = myocardial infarction; CCF = congestive cardiac failure; L = loop diuretic and T = thiazide diuretic.
SUBJECTS AND METHODS
Blood samples were obtained from 24 healthy elderly subjects living at home in the community and from 21 ill elderly subjects from the same community, but recently admitted to hospital with a variety of medical problems. The type of hospital and its function in the assessment and treatment of physical disease of old age has been described elsewhere.s' The community subjects comprised 9 males and 15 females, average age 76 years (range 67-93), whilst those in hospital comprised seven men and 14 women with an average age of 79 years (range 65-90). Blood samples were taken between 0900 and 1000 h without undue stasis.
Measurement of magnesium in serum and MBCs were made as follows. After dilution of the serum sample 1 + 70 with lanthanum chloride (0' 5070) the magnesium content was determined by flame atomic absorption spectrometry (FAAS).22 The procedure for separation of cells was based on Boyum's methods.P-" Pellets of MBC were obtained after a minimum period of storage of no more than 4 h by layering 8 mL of heparinized blood on to 12 mL of Ficoll-Paque (1,077 g/mL). The density Ann Clin Biochem 1993; 30 gradient was centrifuged at 300 g for 40 min and the MBC layer which forms at the Ficoll serum boundary was collected and washed twice with phosphate buffer saline (PBS) to avoid platelet contamination. The pellet was re-suspended in 1. 5 mL of PBS and 50 ILL taken for cell counting using a Neubauer haemocytometer. The cells were re-pelleted (300 g, 10 min) and lysed with I . 5 mL of sodium dodecyl sulphate (SDS). The magnesium concentration was determined on 1 mL of the lysate diluted I + 1 with lathanum chloride solution (0'5%) and analysed by FAAS. The remaining O·5 mL of the lysate was assayed for protein using the Lowry method.P
RESULTS
The characteristics of the inpatient group and the results obtained from them are shown in Table  I . Excessive alcohol consumption was a factor in two patients and 10 patients were receiving either loop or thiazide diuretic therapy. No patients were receiving theophylline derivative medications. Table 2 compares results obtained for inpatients with those of community subjects. Inpatient MBC magnesium values expressed as ILmol/mg protein, were significantly lower than those for community The difference between the means of the two groups was 0·014,.mollmg protein, 950/0 confidence interval 0·008 to 0'02. There was no significant correlation between the two methods of MBC magnesium measurement for either patient population. Neither form of MBC measurement showed a correlation with serum values. Duplicate analysis of the samples from the 24 community subjects revealed coefficients of variation for MBC magnesium measurements to be 8' 8% expressed as fmollcell and 12% expressed as ILmol/mgprotein. The equivalent analytical errors for magnesium, protein and cell count were <2%,3'4% and 5-10%, respectively. Biological change was assessed by drawing further samples from 10 community subjects later on the same day and again after an interval of 7 days. The coefficient of variation for same day intrasubject analysis for fmollcell measurements was 12% and at 1 week was 22%. The equivalent intrasubject values for serum were 2·8% and 4%, respectively.
DISCUSSION
The values of MBC magnesium for elderly subjects in the community, expressed as fmoll cell, were broadly in line with those found in normal controls of all ages in previous studies I4,26-30 whereas the values expressed as ILmollmgprotein were lower than in other studies of adults,12,15,27 but not children.P For both frames of reference the scatter of results was wide in this elderly population sample. The lack of correlation between the fmollcell and ILmollmg protein measurements has previously been observed'" and the lack of correlation of either with serum has been reported by several authors. The comparative results for ill in-patients, who had slightly higher values for fmollcell and serum and much lower values expressed as ILmollmg protein, seem at first to be quite bizarre. However, these conflicting results could reflect the effects of illness on the size and protein content of cells in the lysate. The magnitude of these illness effects on cell characteristics may over-shadow the effects of illness on magnesium status per se.
With the methodology used in this study, it has been shown that in normal individuals MBCs account for 97% of the cells harvested from a Ficoll-Paque gradient, more than 80% being lymphocytes." However, changes in relative proportions of cells harvested as well as variations in cell age and size can lead to spurious results for MBC magnesium.P'P There are several different populations of circulating lymphocytes. They vary in size as well as function and have widely varying circulating life spans. [34] [35] [36] [37] Larger lymphocytes tend to be those which have been activated by antigen and, for a fixed cellular concentration of magnesium, these larger cells will have a higher magnesium content.33,38 Some cells exist for a few days while others survive for several years. Furthermore, there is evidence that the magnesium content of a lymphocyte gradually declines as the cell ages." Therefore, a greater proportion of larger newly produced cells within the lymphocyte population, as might be expected in response to illness, could result in a higher than expected value for cell magnesium content expressed as fmollcell.
Monocytes usually account for less than 10% of the total white blood cell population and less than 20% of 'harvested' MBC cells. However, the volume of a monocyte is much greater than that of a lymphocyte and, as is the case with larger lymphocytes, for any given concentration of cellular magnesium, an increase in the relative proportion of monocytes will result in a corresponding increase in the value of magnesium content/cell. An increased proportion of monocytes is present during the recovery phase of most infections, in malignant disease, inflammatory disorders, and in collagen-vascular diseases. These clinical disorders, which result in monocytosis, are often contributors to illness in elderly hospitalized patients.
Conversely, these same inpatients who had slightly higher values expressed as cell content had low values for MBC magnesium expressed as ILmol/mg protein. A possible explanation for this discrepancy is that the protein content of cells varies greatly according to physiological and pathological conditions. 39 ,40 Protein synthesis is greater in cells activated during infection and inflammation. For a fixed amount of cellular magnesium the resultant increase in cell protein content will lead to an overall lower concentration value for magnesium when protein is used as the denominator. In other words the lower value for MBC magnesium expressed as ILmol/mg protein in these hospitalized subjects may reflect more cellular protein rather than less cellular magnesium.
Whilst the analytical error using these methods of measurement was modest and comparable with errors reported by others, and could account for the same day biological variation, there was considerable biological variability in measurements 1 week apart. It is possible that factors such as residual platelet contamination, despite the repeated washings with phosphate buffer to remove platelets, have contributed to the analytical error.
CONCLUSIONS
There continues to be debate as to the clinical usefulness of MBC magnesium measurement as well as the most appropriate frame of reference. 27 ,28, 41 We would accept that MBC magnesium can perhaps act as a guide to the magnesium status of a stable population group and could be used to assess trends within that group as well as to permit comparison with other similar groups. However, we consider that biologic variability and analytical imprecision not only preclude use of a single MBC magnesium measurement as an accurate guide to an individual's magnesium status but probably also preclude reliability of multiple measurements from a single individual.
We would also urge caution in interpretation of values obtained in groups of individuals during the course of illness when the cell population is likely to differ from normal either as a result of the illness itself or even as a result of treatment.S Observed alterations in magnesium MBC content or concentration could reflect to a far greater extent the effects of illness on cell characteristics compared with the effects on magnesium status per se. Ann Clin Biochem 1993; 30 Detailed analysis of the differential cell type and the size of cells in the lysate would be necessary to put magnesium values, expressed as content/cell, into context in each clinical situation, thus adding yet another step to the already complicated procedure. Similarly, when expressing the results in terms of protein the effects of illness and cell protein content would have to be considered. We believe that the technical procedures required for this measurement, as well as its biological variability and analytical imprecision limit its usefulness in clinical medicine. 14 
